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TITLE 

NON-FLAMMABLE, HIGH- SOLVENCY COMPOSITIONS 
COMPRISING TRANS-1,2-DICHL0R0ETHYLENE, SOLVENT, AND 

INERTING AGENT 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the priority benefit of 
U.S. Provisional Patent Application 60/101182, filed 
September 21, 1998. 

FIELD OF THE INVENTION 



The present invention relates to non-flammable, 
high-solvency compositions comprising trans-1,2- 
dichloroethylene, oxygen- containing and/or hydrocarbon 
15 solvent, and fluorocarbon inerting agent. The 

compositions have utility as cleaning agents in the 
electronics and refrigeration industries, and as a 
medium for mold release agents. 

4h. 2 0 BACKGROUND 

'^^ It is well known that trans-1, 2-dichloroethylene, a 

flammable cleaning agent, has fair solvency with a wide 
variety of difficult soils found in the electronics and 
refrigeration industries. It is further known that 
2 5 mixtures of trans-1, 2-dichloroethylene and halocarbons 
have utility in cleaning applications. For example, 
trans-1 , 2-dichloroethylene blended with 
chlorofluorcarbon ("CFC")-113 {CF2CICFCI2) in 
compositions formerly known as Freon® MCA and Freon® 
30 SMT. In the late 1980 's, it was postulated that 
chlorof luorcarbons posed the risk of potential 
environmental problems (i.e. stratospheric ozone 
depletion and global warming) . Notably, CFC-113 is an 
alleged depletor of stratospheric ozone. In view of 
35 the potential environmental problems associated with 
stratospheric ozone depletion, the above Freon® 
products were considered transitional materials 
possessing properties that make them useful substitutes 



1 



for chlorof luorocarbons, while research for CFC- 
substitutes was conducted. 

Additionally, trans-1 , 2 -dichloroethylene has been 
reported to form azeotropes and azeotrope-like 
5 compositions with f luorocarbons and other solvents, as 
well as with 1 , 1 , 1 , 2 , 3 , 4 , 4 , 5 , 5 , 5 -decaf luoropentane , and 
alcohols, such as methanol and ethanol . However, the 
cleaning ability of these azeotrope-like compositions 
is compromised due to the minor amounts of trans-1,2- 
10 dichloroethylene and alcohol present. 

Accordingly, users of industrial cleaning 
agents are faced with the dilemma: how does one find an 
environmentally acceptable alternative that retains 
non-f lammability without sacrificing cleaning power? 
O 15 Highly fluorinated solvents meet the environmental and 

safety requirements, yet they are relatively weak 
solvents. 

Jf; The present invention is advantageous in that 

|a it provides cleaning agents that are non-ozone 

4^^' 2 0 depleting, low in global warming, non-flammable, and do 

not sacrifice cleaning power. Another advantage of the 
' invention is that it departs from the paradigm that 

rj necessitates the use of azeotropes, wherein the 

y;jl evaporation rate of all components is essentially the 

2 5 same through the use of phased evaporation of the 

flammable and inerting components. The compositions of 
the present invention are useful in cleaning printed 
circuit cards or flushing oil and particles from 
refrigeration or air conditioning systems. Another 

3 0 advantage of the present invention is the process of 

depositing mold release agent on the surface of a mold. 

For the foregoing reasons there is a need for 
cleaning agents that are non-ozone depleting, low in 
global warming, non-flammable, and do not sacrifice 
35 cleaning power. These and other features, aspects, and 
advantages of the present invention will become more 
apparent with reference to the following Summary, 
Description and appended claims. 
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SUMMARY 

The present invention is directed to 
compositions that satisfy the aforesaid need. The 
5 invention comprises non-flammable, high- solvency 

compositions comprising trans-1 , 2 -dichloroethylene , 
oxygen-containing and/or hydrocarbon solvent, and a 
fluorinated inerting agent. These inventive 
compositions are non-flammable by Flame Extension Test 
10 ASTM D-3 065 and Flash Point-Tag Closed Cup Test ASTM D- 
56-82, and have a Kauri Butanol value of at least about 
40 by ASTM 1133-94. 

According to an embodiment of the present 
invention, a composition is provided which comprises 
13 15 the components: 

a . ) trans- 1 , 2-dichloroethylene; and 

b. ) at least one solvent selected from: 
i . ) oxygen- containing solvents 

iJj selected from alcohols, ketones, esters, siloxanes, and 

4'*' 2 0 ethers; and 

Li ii.) hydrocarbon solvents 

represented by CtH2t+2 or CtHat/ wherein t is from 4 to 
n 12 ; and 

^ c.) at least one inerting agent selected 

■ '1 

2 5 from: 

i. ) hydrof luorocarbon inerting 
agents represented by the formula CxHyF{2x+2-Y) / wherein x 
is from 3 to 8, y is from 1 to 4, the mole ratio of F/H 
in the hydrof luorocarbon inerting agent is greater than 

30 1.6, and wherein when the inerting agent is 
hydrof luorocarbon, the weight ratio of 

hydrof luorocarbon inerting agent to solvent is at least 
about 1.5; and 

ii. ) hydrof luorocarbon ether 
35 inerting agents represented by the formula 

CrF2r+iOCsH2s+i/ wherein r and s are independently 
selected from 1 to 6 , r is greater than or equal to 2s, 
and wherein when the inerting agent is 
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hydrof luorocarbon ether the weight ratio of 

hydrof luorocarbon ether inerting agent to solvent is at 

least about 3 ; and 

iii . ) hydrochlorof luorocarbon 
5 inerting agents represented by the formulae C2HCI2F3, 
C2HCIF4, and C3HCI2F5, and wherein when the inerting 
agent is hydrochlorof luorocarbon the weight ratio of 
hydrochlorof luorocarbon inerting agent to solvent is at 
least about 2 . 

10 According to another embodiment of the 

present invention, a process for removing residue from 
a surface is provided, which comprises: (a) contacting 
a surface with the above composition; and (b) 
recovering the surface substantially free of residue. 

15 According to another embodiment of the 

present invention, a process for depositing mold release 
agent on the surface of a mold is provided, which 
comprises: (a) contacting the surface of the mold with 
the above composition; and (b) evaporating the 

20 components of said composition, with the exception of 
the mold release agent from the surface of the mold. 

The present inventive compositions are non- 
ozone depleting alternatives to conventional 
chlorof luorocarbon and transitional 

25 hydrochlorof luorocarbon compositions, comprising 

chlorof luorocarbons, such as CFC-113 (CF2CICCI2F) , and 
hydrochlorof luorocarbons, such as HCFC-141b (CCI2FCH3) , 
used for vapor and liquid phase cleaning. The present 
inventive compositions contain major amounts of trans - 

30 1, 2-dichloroethylene and oxygen- containing or 

hydrocarbon solvent, and thus offer superior cleaning 
ability, while containing minor amounts of fluorinated 
inerting agents, which suprisingly render the present 
compositions non-flammable . 

35 

DETAILED DESCRIPTION 
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According to the present invention, the 
foregoing and other aspects, features, and advantages 
are attained by a composition comprising: 

a. ) trans- 1, 2 -dichloroethylene ; and 

b. ) at least one solvent selected from: 

i . ) oxygen- containing solvents 
selected from alcohols, ketones, esters, siloxanes, and 
ethers ; and 

ii. ) hydrocarbon solvents 
represented by CtH2t-H2 or CtH2t, wherein t is from 4 to 
12 ; and 

c. ) at least one inerting agent selected 

from: 

i. ) hydrof luorocarbon inerting 
agents represented by the formula CxHyF{2x+2-y) . wherein x 
is from 3 to 8, y is from 1 to 4, the mole ratio of F/H 
in the hydrof luorocarbon inerting agent is greater than 
1.6, and wherein when the inerting agent is 

hydrof luorocarbon, the weight ratio of 

hydrof luorocarbon inerting agent to solvent is at least 
about 1.5; and 

ii. ) hydrof luorocarbon ether 
inerting agents represented by the formula 
CrF2r+iOCsH2s4-i/ wherein r and s are independently 
selected from 1 to 6, r is greater than or equal to 2s, 
and wherein when the inerting agent is 

hydrof luorocarbon ether the weight ratio of 

hydrof luorocarbon ether inerting agent to solvent is at 

least about 3 ; and 

iii . ) hydrochlorof luorocarbon 
inerting agents represented by the formulae C2HCI2F3, 
C2HCIF4, and C3HCI2F5, and wherein when the inerting 
agent is hydrochlorof luorocarbon the weight ratio of 
hydrochlorof luorocarbon inerting agent to solvent is at 
least about 2. It is required that the above 
compositions are non-flammable by Flame Extension Test 
ASTM D-3065 and Flash Point-Tag Closed Cup Test ASTM D- 



56-82, and have a Kauri Butanol value of at least about 
40 by ASTM 1133-94. 

Oxygen- containing solvents of the present 
invention comprise hydrocarbon alcohols, ketones, 
esters, siloxanes, and ethers. Representative alcohols 
are those having a normal boiling point greater than 
about 6 0°C and less than about 12 0°C and represented by 
the formula CuHau+iOH, wherein u is from 1 to 4 . Such 
alcohols include methanol, ethanol, n-propanol, iso- 
propanol, and n-butanol . Representative ketones are 
those having a normal boiling point greater than about 
SO'^C and less than about llO'^C and represented by the 
formula CvH2v+iCOCwH2w+i / wherein v and w are 1 or greater 
and v+w is at most 5. Such ketones include the 
hydrocarbon ketones, propanone and butanone. 
Representative esters are those having a normal boiling 
point greater than about 55°C and less than about 13 0^^0 
and represented by the formula CkH2k+iCOOCniH2Tn+i / wherein 
k and m are 1 or greater and k+m is at most 4 . Such 
esters include the hydrocarbon esters, ethyl acetate 
and propyl acetate. Representative siloxanes include 
the hydrocarbon siloxanes, hexamethyldisiloxane 
( [ (CH3) sSi] 2O) , hexaethyldisiloxane ( [ (C2H5) sSi] 2O) , and 
octamethyltrisiloxane ( (CH3) sSiOSi (CH3) 20Si (CH3) 3) • 
Representative ethers include the ethylene glycol 
dialkyl ethers of formula CaHaa+i (OCH2CH2) bOCaHaa-M/ 
wherein a is 1 to 3 and b is 1 to 6. Such ehters 
include bis (2 -methoxyethyl ) ether. 

Hydrocarbon solvents of the present invention 
are those having a normal boiling point greater than 
about -15°C and less than about 13 0''C, and represented 
by the formulae CtH2t+2 or CtH2t/ wherein t is from 4 to 
8. Representative hydrocarbon solvents include butane, 
pentane, hexane, heptane, octane, and their structural 
isomers such as cyclopentane, methyl cyclopentane, and 
cyclohexane. With regard to the cleaning processes 
disclosed herein, when the present composition is 



delivered to the surface via aerosol, it preferred that 
that t is from 5 to 8 . 

Hydrof luorocarbon inert ing agents of the 
present invention comprise hydrof luorocarbons 
represented by the general formula CxHyF(2x+2-y) / wherein 
X is from 3 to 8 , y is from 1 to 4 , and the mole ratio 
of F/H in the individual hydrof luorocarbon inerting 
agent molecules is greater than 1.6. Representative 
hydrof luorocarbon inerting agents include: CF3CHFCF3 
(HFC-227ea), CF3CF2CF2H (HFC-227ca) , CF3CH2CF3 (HFC- 
236fa) , CF3CHFCF2H(HFC-23 6ea) , CF2HCF2CF2H (HFC-236ca) , 
CF3CF2CFH2 (HFC-236cb) , CH2FCF2CHF2 (HFC-245ca) , 
CHF2CHFCHF2 (HFC-245ea) , CH2FCHFCF3 (HFC-245eb) , 
CHF2CH2CF3 (HFC-245fa), CF3CF2CF2CF2H (HFC-329p) , 
CF3CF2CFHCF3 (HFC-329me), CF3CF2CF2CFH2 (HFC-338q) , 
CF3CF2CH2CF3 (HFC-338mf ) , CF3CF2CFHCF2H {HFC-338pe) , 
CF3CFHCF2CF2H (HFC-338pce) , CHF2CF2CF2CF2H {HFC-338pcc) , 
CF3CFHCFHCF3 (HFC-338mee) , CF3CF2CF2CF2CF2H (HFC-42-llp) , 
CF3CF2CFHCF2CF3 (HFC-42-llmce) , CF3CF2CF2CFHCF3 {HFC-42- 
llme) , CF3CF2CH2CF2CF3 (HFC-43-lOmcf ) , CF3CF2CF2CH2CF3 
(HFC-43-lOmf ) , CF3CF2CF2CF2CFH2 (HFC-43-lOq) , 
CF3CF2CF2CFHCF2H (HFC-43-lOpe) , CF3CF2CFHCF2CF2H (HFC-43- 
lOpce) , CF3CHFCHFCF2CF3 (HFC-43-lOmee) , CF2HCF2CF2CF2CF2H 
(HFC-43-lOpccc) , CF3CFHCF2CF2CF2H (HFC-43-lOpcce) , 
CF3CFHCF2CFHCF3 (HFC-43-lOmece) , and CF3CF2CF2CF2CF2CF2H 
(HFC-52-13p) . Preferred of the hydrof luorocarbon 
inerting agents are CF3CH2CF3 (HFC-236fa) , CF3CHFCF3 
(HFC-227ea) , CHF2CF2CF2CF2H (HFC-338pcc) , and 
CF3CHFCHFCF2CF3 (HFC-43-lOmee) . 

Hydrof luorocarbon ether inerting agents of 
the present invention comprise hydrof luorocarbon ethers 
represented by the general formula CrF2r+iOCsH2s+i/ 
wherein r and s are independently selected from 1 to 6 
and r is greater than or equal to 2s. Representative 
hydrof luorocarbon ether inerting agents include C4F9OCH3 
and C4F9OC2H5. 

Hydrochlorof luorocarbon inerting agents of 
the present invention comprise hydrochlorof luorocarbons 



represented by the formula C2HCI2F3, C2HCIF4, and 
C3HCI2F5. Representative hydrochlorof luorocarbon 
inerting agents include: CHCI2CF3 (HCFC-123) , CHCIFCF2CI 
(HCFC-123a), CCI2FCHF2 {HCFC-123b), CHCIFCF3 {HCFC-124) , 
CCIF2CF2H (HCFC-124a), CHF2CCI2CF3 {HCFC-225aa) , 
CHCIFCCIFCF3 (HCFC-225ba) , CHF2CCIFCCIF2 (HCFC-225bb) , 
CHCI2CF2CF3 (HCFC-225ca) , CHCIFCF2CCIF2 {HCFC-225cb) , 
CHF2CF2CCI2F (HCFC-225CC) , CCIF2CHCICF3 {HCFC-225da) , 
CCIF2CHFCCIF2 {HCFC-225ea) , and CF3CHFCCI2F (HCFC- 
225eb) . Preferred of the hydrochlorof luorocarbon 
inerting agents are CHCI2CF3 (HCFC-123), CHCIFCF3 (HCFC- 
124), CHCI2CF2CF3 (HCFC-225ca) , and CHCIFCF2CCIF2 (HCFC- 
225cb) . 

The present composition comprises from about 
40 to about 80 weight% of trans-1, 2-dichloroethylene, 
from about 2 0 to about 4 5 weight % inerting agent, and 
about 15 weight% or less of solvent. Preferrably, the 
compositions comprises from about 55 to about 75 
weight% of trans-1, 2-dichloroethylene, from about 2 0 to 
about 4 5 weight% inerting agent, and about 15 weight% 
or less of solvent. When the inerting agent comprises 
hydrof luorocarbon, the weight ratio of 
hydro f luorocarbon to solvent is at least about 1.5. 
When the inerting agent comprises hydrof luorocarbon 
ether, the weight ratio of hydrof luorocarbon ether to 
solvent is at least about 3. When the inerting agent 
comprises hydrochlorof luorocarbon, the weight ratio of 
hydrochlorof luorocarbon to solvent is at least about 2 . 

In an embodiment of the present invention when a 
composition contains more than one species of inerting 
agent (i.e., at least one compound selected from the 
group consisting of hydrof luorocarbon, 
hydrof luorocarbon ether, and hydrochlorof luorocarbon 
inerting agent species) the total amount of inerting 
agent required will be a weighted sum of the weights of 
individual inerting agent species; weighted by the 
ratio of inerting agent to solvent required for each 
inerting agent species. In other words, when a present 
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composition contains more than one species of inerting 
agent, the present composition will obey the 
expression: = wHFC/1,5 + wHFE/3 + wHCFC/2, wherein 
^S^ W^FC^ W^FE^ wHCFC represent the weights of solvent, 
hydrof luorocarbon inerting agent, hydro fluorocarbon 
ether inerting agent, and hydrochlorof luorocarbon 
inerting agent, respectively, in the present 
composition. 

The present compositions contain an inerting 
amount of inerting agent. By inerting amount is meant 
an amount of inerting agent which is sufficient to 
render the composition (i.e., mixture comprising trans- 
1, 2-dichloroethylene, inerting agent, solvent, and 
other optional components such as aerosol propellant) 
non-flammable by the following two tests: Flame 
Extension Test (ASTM D-3 065) and Flash Point - Tag 
Closed Cup Test (ASTM D-56-82) . Both of the 
aforementioned ASTM test methods are herein 
incorporated by reference . 

Present composition components are selected 
such that an inerting amount of inerting agent is 
maintained together with trans-1 , 2-dichloroethylene and 
solvent during delivery to the surf ace (e .g. , as an 
aerosol, vapor, or liquid phase), after deposition on, 
and during evaporation from a surface. Appropriate 
selection assures that the evaporation rate of solvent 
and inerting agent from a surface is similar enough 
such that neither a flammable vapor nor liquid phase of 
solvent may form as the present composition evaporates 
from a surface. A multitude of variables affect 
evaporation rate and a quantitative relationship 
between these variables and evaporation rate of a 
compound is complex. However, the following equation 
allows for qualitative comparison of compounds at a 
given temperature: R = 0.8217 x P x (MW) wherein R 
is defined as the evaporation index, P is the vapor 
pressure of the compound in mmHg at a given 
temperature, and MW is the molecular weight of the 
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compound (see, Stratta, J. John; Dillon, Paul W. ; and 
Semp, Robert H. in ^'Evaporation of organic cosolvents 
from water-borne formulations. Theory, experimental 
study, computer simulation'', in J. Coat. Technol . 
(1978), 50(647), pages 39-47). The evaporation index 
is a relative measurement based on n-butyl acetate, 
wherein n-butyl acetate's evaporation index is set to 
100. Exemplary evaporation indexes are provided for 
selected compounds in Table 1 below. 



TABLE 1 - Evaporation Index at 2 5°C for Selected 
Compounds 



COMPOUND 


Evaporation Index 


trans -1 , 2- 
dichloroethylene 


2 , 654 


INERTING AGENT 


HFC-22 7ea (CF3CFHCF3) 


38, 773 


HFC-236fa (CF3CH2CF3) 


20, 697 


HFC-245fa (CF3CH2CF2H) 


10,411 


HCFC-225ca/cb 45/55 Wt% 
(CHCI2CF2CF3/CHCIFCFC2CCIF2) 


3,395 


HFC-43-lOmee 
(CF3CFHCFHCF2CF3) 


2, 948 


HFE - 7 1 0 0 ( CH3OC4F9 ) 


2, 624 


SOLVENT 


Butane 


11,408 


Pentane 


3, 632 


propanone { acetone ) 


1, 543 


Ethanol 


328 


i so - propano 1 


280 



In a preferred embodiment of the present 
invention, inert ing agent and solvent are chosen such 
that the ratio of inerting agent/solvent evaporation 
indexes is from about 0 . 1 to about 100. More 
preferrably, such ratio of evaporation indexes will be 



from about 0.5 to about 20, and most preferrably, from 
about 5 to 10. 

The present composition contains an effective 
amount of non-inerting agent components (i.e., trans- 
it 2 -dichloroethylene and solvent) . In one sense, an 
effective amount of non-inerting agent components is 
defined as an amount which is sufficient to remove at 
least some undesirable residue from a residue- 
containing surface, preferably, substantially all 
residue from the surface. By substantially all residue 
from the surface or a residue -free surface, is meant 
that the amount of residue remaining following contact 
of the surface with the present composition is either 
undetectable by the senses (e.g. visual: the naked eye 
or low magnification (lOx or less)) and conventional 
analytical methodology used to detect the residue 
(e.g.. Omega brand surface ionic residue meter), or the 
amount of residue remaining on the surface after 
contact with the present composition has no consequence 
on further use of, or further processes carried out on, 
the surface. 

An effective amount of non-inerting agent 
components in the present composition which removes 
substantially all residue from a surface to form a 
substantially residue-free surface may be further 
defined as an amount of non-inerting agent components 
which results in the present composition having a 
Kauri -Butanol value (Kb) of at least about 40, 
preferably about 100, when determined by ASTM D-1133- 
94. The aforementioned ASTM D-1133-9 test method is 
herein incorporated by reference. The Kb value 
reflects the ability of a composition to solubilize 
various organic residues (e.g, machine and conventional 
refrigeration lubricants) . 

An effective amount of non-inerting agent 
components in the present composition which removes 
substantially all residue from a surface to form a 
residue- free surface may be defined as an amount of 



such components which removes ionic residue from a 
surface to about 14 . 0 micrograms per square inch or 
less and leaves the surface substantially free of 
visible residue {i.e., no residue evident to the naked 
5 eye or up to lOX magnification) . Common articles of 
manufacture containing ionic contamination which 
require precision cleaning are integrated circuit 
devices manufactured in part by a soldering process. 
It is critical to ensure cleanliness of surfaces to be 

10 connected prior to soldering. This is accomplished by 
using a temperature-activated rosin flux. The flux 
removes oxides and other contamination from the 
surfaces to be joined. After soldering, flux residues 
are preferably cleaned to about 14.0 micrograms per 

15 square inch or less to avoid failure of the integrated 
circuit device . 

Another embodiment of the present 
composition comprises aerosol propellant. Aerosol 
propellant may assist in delivering the present 
2 0 composition from a storage container to a surface in 
the form of an aerosol. Aerosol propellant is 
optionally included in the present composition in up to 
about 25 weight percent of the total composition. 
Representative aerosol propellant s comprise air, 

2 5 nitrogen, carbon dioxide, difluorome thane (CF2H2, HFC- 

32), trifluoromethane (CF3H, HFC-23) , dif luoroethane 
{CHF2CH3, HFC-152a) , trif luoroethane (CH3CF3, HFC-143a; 
CHF2CH2F, HFC- 143) , tetraf luoroethane (CF3CH2F, HFC- 
134a; CF2HCF2H, HFC- 134) , and pentaf luoroethane 
30 (CF3CF2H, HFC-125) . 

Another embodiment of the present invention 
further includes processes for removing residue from a 
surface, comprising the steps of: 

contacting the surface with the present 

3 5 c ompo s i t i on , and 

recovering the surface substantially residue- 
free . 
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In one embodiment of the aforesaid processes, 
the surface comprises an integrated circuit device, the 
residue comprises soldering flux or oil, and the device 
is recovered substantially free of flux and oil 
5 following said contacting step. The method of 

contacting is not critical, and may occur by submersing 
the surface in the present composition or wiping the 
surface with the present composition. Preferably in 
this embodiment, the present composition further 

10 comprises aerosol propellant and the present 

composition is delivered to the surface during said 
contacting step as an aerosol. 

In another embodiment of the aforementioned 
processes, the surface comprises the interior surface 

15 of a compression refrigeration apparatus, the residue 
comprises refrigerant, compressor lubricant (e.g., 
mineral oil, naphthenes, polyol ethers), particulates, 
and rust, and the inner surface of the compression 
refrigeration apparatus is recovered substantially free 

2 0 of residue following said contacting step. The method 

of contacting is not critical . Contacting may occur by 
flushing present composition in a liquid phase through 
a refrigeration apparatus. Present composition further 
comprising aerosol propellant is desirable in this 
25 embodiment, as the vapor pressure of the aerosol 

propellant may be used to move present composition 
throughout a refrigeration apparatus. 

Another embodiment of the present invention 
includes mold release compositions and processes for 

3 0 depositing mold release agent on the interior surface 

of a mold. Polymer (e.g., thermolastic , thermoset, 
elastomer, rubber) articles may be manufactured by hot 
molding. A mold release agent is typically applied to 
the interior surface of the mold prior to polymer 
35 molding to reduce or negate the attractions between the 
mold surface and polymer. Mold release agent allows 
for facile release and recovery of a molded polymer 
article from a mold. Mold release agents used depend 
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on the polymer being molded but are generally polymeric 
silicon-based organic compounds (e.g., silicones, 
siloxanes) or fluorinated organic polymers (e.g., 
tetraf luoroethylene homopolymer, or copolymers with 
5 other fluorinated and partially halogenated monomers) 
and are typically solid or viscous and tacky liquids at 
standard temperature. Such mold release agents are 
generally delivered to the interior surface of a mold 
as a solution or dispersion in a solvent which allows 

10 for ease in handling and homogenous distribution of a 
thin coating of mold release agent on the mold's 
surface. Mold release agent may be dissolved or 
dispersed in the present composition resulting in 
formation of a mold release composition. The present 

15 inventive mold release compositon, containing an 

inert ing amount of inert ing agent, is non-flammable. 
Further, the inerting agent present in the mold release 
compositon serves to dilute the concentration of trans- 
it 2 -dichloroethylene and solvent which contacts the 

20 mold surface and polymers, thus compatabilizing the 

mold release composition with polymers and mold release 
surface which can be adversely affected by trans- 1, 2- 
dichloroethylene and solvent. This compatabilizing 
effect of the present inerting agent results in less 

25 hazing and swelling of polymeric mold components, 

surfaces, and connections. The present invention thus 
includes the present composition further comprising 
mold release agent for delivering and homogenously 
dispersing mold release agent upon the interior suface 

3 0 of a mold. The present compositon further comprising 
dissolved or dispersed mold release agent may be 
applied as a liquid or aerosol compositon to the 
surface of a mold. The present invention further 
includes processes for depositing mold release agent on 

35 the interior surface of a mold, comprising contacting 
the surface of the mold with the present compostion 
further comprising mold release agent, and evaporating 
the components of the composition other than mold 
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release agents thereby depositing mold release agent on 
the surface of the mold. 



^0 
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EXAMPLES 

In the following examples, "Trans" refers to 
trans-l,2-dichloroethylene, "HCFC-225" refers to a 
mixture being 55-58 wt% HCFC-225ca (CF3CF2CHCI2) and 42- 
45 wt% HCFC-225cb (CF2CICF2CHCIF) , and "HCFC-141b" 
refers to CCI2FCH3. 

FLAMMABILITY TESTING 



The present composition, when delivered as an 
aerosol, has a flame extension not greater than 18" and 
a flash back of not greater than 6" per test method 
15 ASTM D-3065. This test method involves holding an 
aerosol can containing a composition for testing G" 
from a lit plumbers candle and spraying it through a 2- 
3" flame and observing the length of flame extension 
back to the aerosol can with the the can's valve fully 
20 open. Flash back length is defined as the length the 
flame goes back from the candle back to the aerosol 
can. Candidate compositions were tested to find the 
minimum concentration of the inert ing agent required to 
yield flame extension less than 18'' and flash back of 
25 less than 6" . Additionally, the present composition 
does not have a closed cup flash point per ASTM D-56- 
82. Results are described in Table 1. 

Table 1 - Aerosol Flammability Testing (per ASTM 
30 D-3065) 

Compositions were put in an aerosol can with 
20% propellant (HFC-134a) All compositions are 
reported in weight% of components. 

-Flame Extension >18" classifies an aerosol can as 
35 FLAMMABLE by DOT 

-Flash Back >6" classifies an aerosol can as 
EXTREMELY 

FLAMMABLE by DOT 
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-"Flame" notes inches of flame extension 
-"Flash Back" notes any flame propagation back to 
aerosol can 

-"Fish Pt" is Flash Point by Tag Closed Cup (ASTM 

5 D-56- 

82) 
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Table 1 Summary: Minimum amount of inert ing agent 
required for present aerosol compositon to have less 
than 18" of flame extension: 





Weight% Components In 
(& Excluding Prope 


Composition 
illant) 


HFC-43- 

lOmee 


19 (24) 






C4F9OCH3 




34 (42) 




HCFC-225 






24 (29) 


Trans 


51 (63) 


36 (45) 


46 (58) 


Ethanol 


10 (13) 


10 (13) 


10 (13) 


Propel lant 
(HFC-134a) 


20 


20 


20 



Cleaning Performance Testing 

In a preferred sense, the present composition 
cleans ionic contamination (flux residue) from a 
surface to about 14.0 micrograms or less per square 
inch of surface area and leaves the surface 
substantially free of visible residue to the naked eye. 
The test used to determine surface cleanliness involved 
the following steps: 

1. Kester 185 RMA rosin flux is painted 
liberally onto a FR-4 test board (an epoxy printed 
wiring board with tracing made of tinned copper) , 

2 . The board so treated is then heated in 
an oven at 175^*0 for 2 minutes to activate the rosin 
flux, 

3 . The board is then immersed in solder 
(Sn63, a 63/37 Sn/Lead solder) at 204°C for 10 seconds, 

4. The board is then cleaned (at room 
temperature) for 1 minute by immersing in present 
composition and providing gentle movement of the board, 

5. The board is then visually inspected and 
tested (in triplicate) for residual ionics with an 
Omega Meter 600 SMD ionic analyzer. 



PERFORMANCE TESTING: BLENDS TESTED 



Blend 
# 


HFC-43- 
lOmee 


C 

4F9OCH3 


HCFC-225 


HCFC- 
141b 


Trans 


Ethanol 


Methanol 


#1 


24 








70 


6 




#2 


24 








63 


13 




#3 


51 








43 




6 


#4 




42 






45 


13 




#5 








95 






5 


#6 






29 




58 


13 





Acceptance Criteria: Residual ionics below 14.0 
micrograms per square inch and surface substantially 
free of residue. 
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Flux 
Test 
(Blend 
#) 


Visual Inspection 


Residual Ionics (jag 
NaCl/in^) 


#1 


very light residue 


9.8, 6.9, 6.6 (7.8 avg) 


#2 


no visible residue 


8.1, 7.9, 6.0 (7.3 avg) 


#3 


very light residue 


7.4, 7.0, 9.7 (8.0 avg) 


#4 


very light residue 


9.9, 7.6, 6.3 (7.9 avg) 


#5 


very light residue 


6.1, 7.5, 9.6 (7.7 avg) 


#6 


No visible residue 


5.0, 5.0, 4.7 (4.9 avg) 



SOLVENCY POWER 

A measure of ''solvency power" - the ability 
of a solvent to dissolve an organic residue -- is the 
Kauri -Butanol value (Kb) determined by ASTM 1133-94. 
Compositions of the present invention have a Kb of at 
least about 40, preferrably at least about 50. In the 
present context, ASTM 113-94 comprises taking 10 grams 
of present composition and adding an oil/grease/fluid 
drop-wise until the solution becomes hazy and non- 
homogeneous, defining the solubility point or 
saturation point of that residue in the present 
composition. The data is reported in grams per 100 
gram of present composition or weight percent 
solubility. 



TABLE 2: OIL SOLUBILITY AND Kb VALUE COMPARISION 





Blend # 


Oil 


2 


3 


4 


6 


n -propyl 
bromide 


AM Drawing 2 000 


5.5 


3.4 


4.2 


6 . 0 


5 . 6 


Hardcut 541 


30.4 


8.4 


25.0 


33 


32 .4 


Houghton Rust Veto 76- 
mb 


43 . 8 


26,3 


36.1 


40 


42 .5 


Mil-H-5606G Hydraulic 
Fluid 


22 . 8 


14 . 8 


16.9 


20,8 


23 


Tapmatic Cutting Fluid 


50.6 


25 


40 


40 


45.4 














Kb Value (ASTM D-113 3- 
94) 


110 


33 


46 


> 140 


125 



m 

^ SOLUBILITY TESTS WITH HVAC LUBRICANTS 

Hi 5 

Mjj To establish the effectiveness of the present 

compositions m cleaning compression refrigeration 
0 apparatus, the solubility at room temperature of two 

^jj refrigeration oils was examined in present composition 

\! 10 as well as comparative materials, e.g., HCFC-141b 

(CFCI2CH3) , the refrigeration industry standard in 
compression refrigeration system cleaning. The 
"mineral oil" lubricant tested was Carquest part no. 
209500, "refrigeration Oil for R12 Air conditioning 
15 Systems". The PAG (polyalkylene glycol) oil tested was 
Pyroil PAG RL 488, "High Viscosity Oil for HFC-134a A/C 
System" . All percentages reported are in weight 
percent of the total composition. 



Composition 
Tested 


Mineral Oil 
Solubility 


PAG Oil 
Solubility 


HCFC-141b 


yes, 
completely 
soluble 


yes, 
completely 
soluble 


C5 HFC 


no, 2 phases 


partial , 



20 







f ormed 


after stirring 




C3 HFC 


no, 2 phases 
formed 


partial, 
after stirring 




C4 HFC 


no, 2 phases 
formed 


partial , 
after stirring 




67% HFC C5, 


partial , 


yes. 




33% trans 


after stirring 


completely 
soluble 




96% C3 HFC, 4 


no, 2 phases 


partial , 




wt% C5H12 or C6H14 


formed 


after stirring 




50% C4 HFC, 


no, 2 phases 


yes. 




35% C5 HFC, 15% 


formed 


completely 




trans 




soluble 




66% C5 HFC, 


no, 2 phases 


yes. 


i . j 


30% trans, 4% 
methanol 


formed 


completely 
soluble 


. if'^s 
W: 


24% C5 HFC, 


yes. 


yes. 




64% trans, 12% 


completely 


completely 




ethanol 


soluble 


soluble 




HFE based 


no, 2 phases 


partial , 




solvent 


formed 


after stirring 




33% C5 HFC, 


no, 2 phases 


yes. 


H 


33% C4 HFC, 33% 


formed 


completely 




trans 




soluble 




20% C5 HFC, 


partial , 


yes. 




40% C4 HFC, 40% 


after stirring 


completely 




trans 




soluble 




15% C5 HFC, 


no, 2 phases 


no, 2 phases 




30% C4 HFC, 15% C3 


formed 


formed 




HFC, 4 0% trans 








30% C5 HFC, 


partial , 


Yes, 




26% C4 HFC, 40% 


after stirring 


completely 




trans, 4% methanol 




soluble 




25% C5 HFC, 


cloudy. 


N/A 




30% C4 HFC, 45% 


partially soluble 






trans 


after stirring 






25% C5 HFC, 


no, very 


N/A 




30% C4 HFC, 45% n- 


cloudy 
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propyl bromide 






31% C5 HFC, 
29% C4 HFC, 50% 
trans 


yes, 
completely 
soluble 


yes, 
completely 
soluble 



CI 

m 

m 
m 
m 

m 

H 
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WHAT IS CLAIMED IS: 



1. A composition comprising: 

a. ) trans- 1, 2 -dichloroethylene ; and 
5 b.) at least one solvent selected from the 

group consisting of: 

i. ) oxygen- containing solvents 
selected from the group consisting of alcohols, 
ketones, esters, siloxanes, and ethers; and 

10 ii.) hydrocarbon solvents selected 

from the group consisting of those represented by 
CtH2t+2 and CtH2t/ wherein t is from 4 to 12; and 

c.) at least one inerting agent selected from 
the group consisting of: 
rj] 15 i.) hydrof luorocarbon inerting 

^ agents selected from the group consisting of those 

represented by the formula CxHyF(2x+2-y) / wherein x is 
from 3 to 8, y is from 1 to 4 , the mole ratio of F/H in 
the hydrof luorocarbon inerting agent is greater than 
20 1.6, and wherein when the inerting agent is 

hydrof luorocarbon the weight ratio of hydrof luorocarbon 
inerting agent to solvent is at least about 1.5; 

ii. ) hydrof luorocarbon ether 
inerting agents selected from the group consisting of 

^i^A 2 5 those represented by the formula CrF2r+iOCsH2s+i/ wherein 

r and s are independently selected from 1 to 6, r is 
greater than or equal to 2s, and wherein when the 
inerting agent is hydrof luorocarbon ether the weight 
ratio of hydrof luorocarbon ether inerting agent to 
3 0 solvent is at least about 3; and 

iii . ) hydrochlorof luorocarbon 
inerting agents selected from the group consisting of 
those represented by the formulae C2HCI2F3, C2HCIF4, and 
C3HCl2F5^ and wherein when the inerting agent is 

35 hydrochlorof luorocarbon the weight ratio of 

hydrochlorof luorocarbon inerting agent to solvent is at 
least about 2, 
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wherein said composition is non-flammable by 
Flame Extension Test ASTM D-3065 and Flash Point-Tag 
Closed Cup Test ASTM D-56-82, and said composition has 
a Kauri Butanol value of at least about 4 0 by ASTM 
1133-94 . 

2. The composition of Claim 1, wherein said 
composition has a Kauri Butanol value of at least about 
100 by ASTM 1133-94. ^ 

3. The composition of Claims 1 or 2, wherein the 
ratio of { inert ing agent evaporation index) / (solvent 
evaporation index) is from about 0.1 to about 100. 

Q 15 4 . The composition of Claims 1 or 2 wherein said 

oxygen-containing solvent is selected from the group 
consisting of alcohols having a normal boiling point 
Aj greater than about 6 0°C and less than about 12 0°C, and 

l^j represented by the formula CuH2u+iOH, wherein u is from 

20 1 to 4; ketones having a normal boiling point greater 
than about SO'^C and less than about 110*^C, and 
represented by the formula CvH2v+iC0CwH2w+i/ wherein v and 
w are 1 or greater and v+w is at most 5; esters having 
a normal boiling point greater than about 55°C and less 
25 than about 13 0°C, and represented by the formula 

CkH2k+iCOOCmH2ra+i / wherein k and m are 1 or greater and 
k+m is at most 4; siloxanes, hexamethyldisiloxane 
( [ (CHs) sSi] 2O) , hexaethyldisiloxane ( [ (C2H5) sSi] 2O) , and 
octamethyltrisiloxane ( (CH3) sSiOSi {CH3) 20Si (CH3) 3) ; and 
3 0 ethylene glycol dialkyl ethers represented by the 

formula CaH2a+i (OCH2CH2) bOCaHaa+i/ wherein a is 1 to 3 and 
b is 1 to 6. 

5. The composition of Claims 1 or 2 wherein said 
35 hydrocarbon solvent has a normal boiling point greater 
than about -15'*C and less than about 13 0°C. 
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6. The composition of Claims 1 or 2 wherein said 
hydrof luorocarbon inerting agent is selected from the 
group consisting of CF3CHFCF3 (HFC-22 7ea) , CF3CF2CF2H 
(HFC-227ca) , CF3CH2CF3 (HFC-236fa) , CF3CHFCF2H (HFC- 

5 236ea) , CF2HCF2CF2H (HFC-236ca) , CF3CF2CFH2 (HFC-236cb) , 
CH2FCF2CHF2 (HFC-245ca) , CHF2CHFCHF2 (HFC-245ea) , 
CH2FCHFCF3 (HFC-245eb) , CHF2CH2CF3 (HFC-245fa) , 
CF3CF2CF2CF2H (HFC-329p) , CF3CF2CFHCF3 (HFC-329me) , 
CF3CF2CF2CFH2 (HFC-338q) , CF3CF2CH2CF3 (HFC-338mf ) , 
10 CF3CF2CFHCF2H (HFC-338pe) , CF3CFHCF2CF2H (HFC-338pce) , 
CHF2CF2CF2CF2H (HFC-338pcc) , CF3CFHCFHCF3 (HFC-338mee) , 
CF3CF2CF2CF2CF2H (HFC-42-llp) , CF3CF2CFHCF2CF3 (HFC-42- 
llmce) , CF3CF2CF2CFHCF3 (HFC-42-llme) , CF3CF2CH2CF2CF3 
(HFC-43-lOmcf ) , CF3CF2CF2CH2CF3 (HFC-43 - lOmf ) , 
Q 15 CF3CF2CF2CF2CFH2 (HFC-43 -lOq) , CF3CF2CF2CFHCF2H (HFC-43 - 

lOpe) , CF3CF2CFHCF2CF2H (HFC-43-lOpce) , CF3CHFCHFCF2CF3 
,|;| (HFC-43-lOmee) , CF2HCF2CF2CF2CF2H (HFC-43-lOpccc) , 

% CF3CFHCF2CF2CF2H (HFC-43 - lOpcce) , CF3CFHCF2CFHCF3 (HFC- 

y 43-lOmece) , and CF3CF2CF2CF2CF2CF2H (HFC-52-13p) . 

^ 2 0 

7. The composition of Claims 1 or 2 wherein said 
u!i hydrof luorocarbon ether inerting agent is selected from 

l > the group consisting of C4F9OCH3 and C4F9OC2H5 . 

'%\ 

25 8. The composition of Claims 1 or 2 wherein said 

hydrochlorof luorocarbon inerting agent is selected from 
the group consisting of CHCI2CF3 (HCFC-123) , CHCIFCF2CI 
(HCFC-123a) , CCI2FCHF2 (HCFC-123b) , CHCIFCF3 (HCFC-124), 
CCIF2CF2H (HCFC-124a) , CHF2CCI2CF3 (HCFC-225aa) , 

30 CHCIFCCIFCF3 (HCFC-225ba) , CHF2CCIFCCIF2 (HCFC-225bb) , 
CHCI2CF2CF3 (HCFC-225ca) , CHCIFCF2CCIF2 (HCFC-225cb) , 
CHF2CF2CCI2F (HCFC-225CC) , CCIF2CHCICF3 (HCFC-225da) , 
CCIF2CHFCCIF2 (HCFC-225ea) , and CF3CHFCCI2F (HCFC- 
225eb) . 

35 

9. The composition of Claims 1 or 2 wherein said 
inerting agent comprises CF3CHFCHFCF2CF3 (HFC-43 -lOmee) , 
and said solvent comprises ethanol . 
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10. The composition of Claim 9 comprising about 
63 weight% trans-1, 2-dichloroethylene, about 13 weight % 
ethanol, and about 24 weight% CF3CHFCHFCF2CF3 (HFC-43- 
lOmee) . 

11. The composition of Claims 1 or 2 further 
comprising at least one aerosol propellant selected 
from the group consisting of air, nitrogen, carbon 
dioxide , dif luoromethane , trif luoromethane , 

dif luoroethane, trif luoroethane , and tetraf luoroethane . 

12 . A process for removing residue from a 
surface, comprising the steps of: 

a. ) contacting the surface with the 
composition of Claims 1, 2, 9, 10 or 11; and 

b. ) recovering the surface substantially free 
of residue. 

13. The process of Claim 12, wherein the surface 
comprises an integrated circuit device, and the residue 
comprises soldering flux. 

14. The process of Claim 12, wherein the surface 
comprises an interior surface of a compression 
refrigeration apparatus, and the residue comprises 
conventional refrigeration lubricant, particulates, 
and/or rust . 

15. The composition of Claims 1, 2, 9, 10 or 11, 
further comprising a mold release agent. 

16. A process for depositing mold release agent 
on the surface of a mold, comprising: 

a.) contacting the surface of the mold with 
the composition of Claim 13; and 



b.) evaporating the components of said 
composition, with the exception of the mold release 
agent, from the surface of the mold. 
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ABSTRACT OF THE DISCLOSURE 

Disclosed are non-flammable, high- solvency 
compositions having utility as cleaning agents in the 
electronics and refrigeration industries, and as a 
medium for mold release agents. The compositions are 
non-flammable by Flame Extension Test ASTM D-3065 and 
Flash Point -Tag Closed Cup Test ASTM D-56-82, and have 
a Kauri Butanol value of at least about 4 0 by ASTM 
1133-94. The compositions comprise the components: a.) 
trans-1, 2-dichloroethylene; and b.) solvent selected 
from: i.) oxygen- containing solvents selected from 
alcohols, ketones, esters, siloxanes, and ethers; and 
ii.) hydrocarbon solvents represented by CtH2t+2 or CtHst, 
wherein t is from 4 to 8; and c.) an inerting agent 
selected from: i.) hydrof luorocarbon inerting agents 
represented by the formula CxHyF(2x+2-y) / wherein x is 
from 3 to 8, y is from 1 to 4 , and the mole ratio of 
F/H in the hydrof luorocarbon inerting agent is greater 
than 1.6; ii.) hydrof luorocarbon ether inerting agents 
represented by the formula CrF2r+iOCsH2s+i/ wherein r and 
s are independently selected from 1 to 6, and r is 
greater than or equal to 2s ; and iii.) 

hydrochlorof luorocarbon inerting agents represented by 
the formulae C2HCI2F3, C2HCIF4, and C3HCI2F5. 
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duty to disclose mfoimation which is known to me to be material to patentability as defined in 37 CFR § 1.56 -wbich became available between 
the filing date of the prior ^plication and the national or PCX Ihtanational filing date of this application. 
Application No, Uling Date Status (patented, pending or abandonedl 



POWER OF ATTORNEY: I hereby appoint the following attomey(s) and/or aga[it(s) the power to prosecute this ^plication and transact all 
business in the Patent and Trademark Office connected therewith: 



Name: MARK A, EDWARDS 

JAMES E. SHIPLEY 



KegtstrationNo.: 



39,542 
32,003 



Send correspondence and direct 
telephone calls to: 

MARK A. EDWARDS 



£, I. du Pont de Nemours and Company 
Leea! - Patents 

W&iin^ton,D£ 19898, U.S.A. 



Tel. No. 

(302) '992-5909 
Fax No. 

(302) 892-0699 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and fiuther that these statements were made with the knowledge diat willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of tiie United States Code and that such willfiil false statements may 
jeopardize the validity of the application or any patent issuing thereon. 




INVENTOR(S) 



Last Name 
WESTBROOK 



First Name 

GREG 



Middle Name 

A 



Signature (please sign fiiU name): 



Date: 



Residence & 
Otizenship 



City 

PORTNECHES 



State or Foreign Country 

TEXAS 



Country of Citizenship 



Post Office 
Address 



Post Office Address 

3155 CANTERBURY LANE 



City 

PORT NECHES 



state or Country 

TEXAS 



Zip Code 
77651 



FttttName 
of Inventor 



Residence & 



Last Name 
TATTERSALL 



First Name 

THOMAS 



Middle Name 

A. 



Signature (please sign Ml name): 



Date: 



City 

WILMINGTON 



state or Foreign Country 
DELAWARE 



Country of Citizenship 

U.S-A. 



Post Omce 
Address 



Post Office Address 

22 LONGSPUR DRIVE 



City 

WILMINGTON 



State or Country 

DELAWARE 



Zip Code 

19808 



Full Name 
of biventor 



Last Name 

WOLFF 



First Name 

MARK 



Middle Name 

c. 



Signature (please sign fiill name): 



Date: 



Residence & 
Citizenship 



City 

EDGEWOOD 



state or Foreign Country 
KENTUCKY 



Country of Citizenship 

U,S,A. 



Post omce 
Address 



Post Office Address 

710 HURSTBORNE LANE 



City 

EDGEWOOD 



state or Country 
KENTUCKY 



Zip Code 
41017 



■ Additional Inventors are being named on separately numbered sheets attached hereto. 



